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1.1  ABSTRACT - T - 1 

to  determine  the  basic  condition  of  lightness  that  can  be  attained  by  the 
present  lightweight  diving  outfit  and  the  underwater  swim  suit  under 
various  dress  conditions  and  to  determine  the  operating  characteristics 
of  them  so  that  these  results  can  be  used  as  a  basis  for  future 
Improvements. <  } 
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OBJECT 


To  determine  the  basic  condition  of  lightness  that  can  be  attained  by 
the  present  lightweight  diving  outfit  and  the  underwater  swim  suit  under 
various  dress  conditions  and  to  determine  the  operating  characteristics  of 
them  so  that  these  results  can  be  used  as  a  basis  for  future  improvements. 

METHOD 


The  buoyancy  of  the  average  naked  man  with  a  full  inspired  breath  was 
first  determined.  This  was  accomplished  by  placing  a  weighed  belt  on  the 
subject  and  then  weighing  him  submerged  with  a  full  breath. 

The  buoyancy  of  ten  subjects  was  determined  in  an  open  tank  using  the 
existing  lightweight  diving  outfit  under  the  following  dress  conditions: 

(a)  Man  wearing  working  clothes  -  dungarees,  shirt,  socks  and  underclothing. 

(b)  With  one  suit  of  standard  divers  underwear,  drawers,  shirt  and  socks. 

(c)  With  working  clothes  and  one  set  of  divers  underwear. 

This  procedure  was  repeated  using  an  underwater  demolition  swim  suit. 

The  buoyancy  in  both  cases  was  obtained  by  the  subject  wearing  a 
weighed  belt,  and  then  being  weighed  after  he  took  a  full  breath  and  was 
fully  submerged,  with  the  head  approximately  2  feet  below  the  surface  of 
the  water.  The  subject  was  seated  on  a  cross  bar  that  was  supported  by  a 
line  that  was  attached  to  the  scales.  The  Browne  mask  was  used,  with  air 
being  the  breathing  media.  No  shoes  were  used.  Care  was  taken  that 
the  suit  was  completely  free  of  pocketed  air  before  submerging.  Ten  runs 
were  made  under  each  set  of  conditions  by  different  subjects. 

To  determine  the  effect  of  dress  and  underclothing  while  walking, 
swimming  and  working,  runs  were  made  in  the  swimming  pool  under  these  same 
three  conditions  with  both  dresses.  Five  or  six  runs  were  made  under  each 
condition.  No  special  work  was  done  in  the  swimming  pool.  The  subject 
walked,  swam  and  did  what  he  chose. 

In  all  tests  the  suits  were  alternated  so  that  a  preferential  Inclination 
would  not  be  developed  for  a  certain  type  of  a  suit. 

DISCUSSION  OF  RESULTS 


The  following  positive  average  buoyancies  were  obtained  with  the 
lightweight  diving  outfit: 

Under  condition  (a),  man  wearing  working  clothes-dungarees,  shirt,  socks 
and  underclothing:  S  pounds  -  3  ounces. 

Under  condition  (b),  with  one  suit  of  standard  divers  underwear,  drawers, 
shirt  and  socks:  9  pounds  -  7  ounces. 

Under  condition  (c),  with  working  clothes  and  one  set  of  divers  underwear: 

11  pounds  -  13  ounces. 


1 


When  the  underwater  swim  suit  was  used,  the  following  positive  buoyancies 
were  obtained: 

Under  condition  (a):  6  pounds  -  1  ounce 

Under  condition  (b):  10  pounds  -  10  ounces 

Under  condition  (c):  12  pounds  -  12  ounces 

The  above  results  were  obtained  with  the  lungs  filled  wtth  air,  and  thus 
is  a  higher  value  than  would  normally  be  obtained.  However,  In  all  cases, 
the  positive  buoyancy  is  not  excessive  and  could  be  easily  compensated  for  by 
the  addition  of  weights. 

The  results  given  are  the  results  of  ten  runs  made  by  different  subjects. 

The  deviation  from  the  average  for  different  individuals  varied  plus  or 
minus  3  pounds.  This  is  not  excessive.  See  data  sheets. 

The  positive  buoyancy  depends  somewhat  on  the  elimination  of  air  In  the 
suits,  prior  to  the  dive.  It  was  rather  easy  to  get  all  the  air  out  of  the 
swimming  suit  as  the  material  is  very  pliable  and  shapes  Itself  about  the  subject 
with  little  difficulty.  It  required  more  work  to  get  rid  of  the  air  pockets  in 
the  lightweight  diving  suit  because  the  material  is  less  pliable  and  had  a  tendency 
to  crease. 

The  underwater  swim  suit  has  about  a  pound  greater  positive  buoyancy 
than  the  lightweight  diving  outfit,  but  this  is  not  significant.  It 
may  be  of  Interest  to  note  that  the  positive  buoyancy  was  greater  with 
the  use  of  divers  underwear  than  with  ordinary  working  clothes. 

When  these  outfits  were  tried  out  In  the  swimming  pool.  It  was  found 
that  weights  equivalent  to  the  positive  buoyancy  were  desirable  for 
swimming.  To  do  light  work,  about  20  pounds  was  necessary.  For  heavier 
work,  more  weights  would  be  required. 

In  general,  the  swimming  suit  was  preferred.  It  Is  more  comfortable, 
easier  to  don  and  air  pockets  are  easily  eliminated.  However,  It  Is  not 
as  rugged  as  the  lightweight  diving  suit.  The  creases  In  the  latter 
trended  to  chafe  the  diver,  especially  In  the  crotch.  The  mask  required 
more  strap  pressure  when  used  with  the  lightweight  suit  to  make  it 
watertight.  The  lightweight  suit  also  had  a  greater  tendency  to  leak  around 
the  mask  and  through  the  closure  In  the  back. 

The  mask  attachment  Is  unsatisfactory  In  both  suits.  It  should 
be  attached  permanently  to  the  headpiece.  This  would  eliminate  the 
headstrap  discomfort  and  leakage. 

The  type  of  mask  used  was  satisfactory.  It  offered  a  large 
field  of  vision  and  Is  simple  and  rugged  In  construction.  As  stated 
before,  it  had  to  be  secured  very  tightly  to  the  face  to  prevent 
leakage,  but  this  Is  not  due  to  mask,  but  rather  to  the  manner 
of  attachment. 

With  a  suit  that  had  the  mask  attached  to  a  suit,  coaming  up 
In  an  emergency  should  the  airline  become  fouled,  could  be  effected 
by  cutting  the  air  line,  dropping  the  weights  and  swlmring  to  the 
surface.  It  Is  felt  that  this  Is  safer  than  removing  the  mask 


and  swimming  topside  since  there  is  enough  residual  air  in  the  mask 
for  the  time  interval  required  for  the  ascent.  Moveover,  mask 
displacement  with  the  present  outfit  is  quite  possible.  This  would 
require  an  emergency  ascent  with  its  attendant  dangers. 

CONCLUSIONS 


The  underwater  swim  suit  was  preferred  to  the  lightweight  diving 
suit  In  that  It  was  more  comfortable  and  air  could  be  gotten  out  of 
It  quite  easily.  However,  it  is  not  as  rugged  as  the  lightweight 
diving  suit. 

The  Browne  type  of  mask  was  satisfactory,  but  the  method  of 
securing  the  mask  Is  unsatisfactory  because  excessive  strap  pressure  1 
required  to  make  It  watertight. 

'  From  6  to  12  pounds  of  positive  buoyancy  is  produced  by  the 
underwater  swim  suit,  depending  on  the  subject  and  the  amount  of 
clothes  he  wore.  The  lightweight  diving  suit  averaged  about  a 
pound  less  under  Identical  conditions. 

The  buoyancy  of  the  average  naked  man  was  2  pounds  and  11  ounces. 

Swimming  is  possible  with  both  suits  upon  the  addition  of  weights 
equal  to  the  positive  buoyancy. 

At  least  20  pounds  of  weights  are  required  by  the  diver  if  he  Is 
to  perform  any  work.  * 

leakage  around  the  mask  and  the  back  closure  was  more  pronounced 
In  the  lightweight  diving  suit  than  with  the  underwater  swim  suit,  and 
greater  strap  pressure  on  the  mask  was  required  In  the  former. 

The  weights  required  by  these  suits  are  not  excessive  for  either 
swimming  or  working. 

It  Is  felt  that  an  emergency  ascent  would  be  safer  with  an  outfit 
that  had  the  mask  attached  permanently  to  the  suit. 

A  good  lightweight  suit  Is  feasible  on  the  basis  of  these  tests 
since  only  20  to  30  pounds  of  weights  are  required  for  working 
condition.  This  Is  somewhat  less  than  the  half  belt  and  shoes 
required  In  the  present  lightweight  diving  suit. 

PATIONS 

It  Is  recommNtded  that  a  swim  suit  similar  to  the  underwater 
'  swim  suit  be  adopted  as  a  Oasis  for  the  construction  of  a  lightweight 
diving  outfit. 
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It  Is  recommended  that  a  face  mask  similar  to  the  Browne  be 
used  In  the  construction  of  this  suit. 

It  Is  recommended  that  the  face  .  ,sk  be  integral  with  the 
diving  'uit. 


LIGHTWEIGHT  DIVING  SUIT  WITH  -  DUNGAREES,  SHIRT,  SOCKS  AND  UNDERCLOTHING- 
SUBJECT  WITH  LUNGS  FILLED  (BROWNE  MASK) 


«T - 

— mm - 

- BED - 

"BUOYANCY 

PRICKETT,  C.M. 

4  lbs 

9  lbs  11  oz 

5  lbs  11  02 

HESLOP,  W.  R. 

i 

2  lbs  8  oz 

9  lbs  11  02 

7  lbs  3  oz 

SINGLETON,  W.G. 

3  lbs  14  oz 

9  lbs  11  02 

5  lbs  13  oz 

WEISBROD,  H. 

6  lbs  14  02 

9  lbs  11  02 

2  lbs  13  oz 

ANDERSON,  L.  R. 

5  lbs  13  oz 

i 

9  lbs  11  02 

3  lbs  14  02 

BARBARY .  H.  0. 

4  lbs  12  02 

5  lbs  11  oz 

4  lbs  15  02 

KRASIC,  F. 

2  lbs  4  oz 

9  lbs  11  oz 

7  lbs  7  02 

FERGUSON,  C.  P. 

7  lbs  8  oz 

9  lbs  11  oz 

2  lbs  3  oz 

PAROLA,  M.  P. 

3  lbs  12  02 

9  lbs  11  02 

5  lbs  15  oz 

CARR.  0.  L. 

3  lbs  14  02  . 

9  lbs  11  02 

r - —  - . 

5  lbs  13  oz 

AVERAGE  5  lbs  -  3  02 


LIGHTWEIGHT  DIVING  SUIT  WITH  -  ONE  SUIT  OF  STANDARD  DIVERS  UNDERWEAR 
DRAWERS,  SHIRT,  SOCKS-SUBJECT  WITH  LUNGS  FILLED  (BROWNE  MASK) 


PRICKETT 


HESLOP.  W.  R. 


SINGLETON.  W.  G. 


ANDERSON.  L.  R. 


BARBARY,  H.  J. 


KRASIG,  F. 


FERGUSON,  C.  P 


PAROLA,  M.  P 


CARR,  D  L 


3  lbs  9  oz 


3  lbj  6  oz 


5  lbs  12  oz 


5  lbs  13  oz 


5  lbs  1  oz 


3  lbs  12  oz 


8  lbs 


2  lbs  4  oz 


4  lbs 


14  lbs  3  oz 


14  lbs  3 


14  lbs  3  oz  8  lbs  7 


14  lbs  3  oz 


14  lbs  3  oz 

10  lbs  7  oz 

14  lbs  3  oz 

6  lbs  3  oz 

14  lbs  3  oz 

11  lbs  15  oz 

14  lbs  3  oz 

10  lbs  3  oz 

AVERAGE  9  lbs  -  7  oz 


LIGHTWEIGHT  DIVING  SUIT  WITH  -  ONE  SUIT  OF  STANDARD  DIVERS  UNDERWEAR- 
DRAWERS,  SHIRT,  SOCKS  -  SUBJECT  WITH  LUNGS  FILLED  (BROWNE  MASK) 


PRICKETT.  C.  M. 


HESLOP,  W.  R 


SINGLETON,  W.  G 


WEISBRODj  H 


ANDERSON,  J.  R 


BARB ARY,  H.  J 


KRASIC,  F 


FERGUSON,  C.  P 


PAROL A,  M.  P 


CARR,  D.  L 


8  lbs  4  oz 


6  lbs  5  oz 


6  lbs  5  oz 


7  lbs 


8  lbs  8  oz 


7  lbs  4  oz 


5  lbs  12  oz 


8  lbs  6  oz 


5  lbs  6  oz 


7  lbs  4  oz 


18  lbs  14  oz 


oo 

lbs 

14 

oz 

OO 

lbs 

14 

oz 

co 

I 

lbs 

14 

oz 

lbs 

14 

oz 

00 

lbs 

14 

oz 

18 

lbs 

14 

oz 

00 

lbs 

14 

oz 

18 

lbs 

14 

oz 

18  lbs  14  oz 


10  lbs  10  oz 


12  lbs  9  oz 


12  lbs  9  oz 


11  lbs  14  oz 


10  lbs  6  oz 


11  lbs  10  oz 


13  lbs  2  oz 


10  lbs  8  oz 


13  lbs  8  oz 


11  lbs  10  oz 


AVERAGE  11  lbs 


u\ 


SWIM  SUIT  (RUBBER)  WORKING  CLOTHES  -  DUNGAREES,  SHIRT,  SOCKS  AND 
UNDERCLOTHING  SUBJECT  WITH  LUNGS  FILLED  (BROWNE  MASK) 


bi'uiiai 


PRICKETT,  C.M. 

11  lbs  15  oz 

18  lbs  14  oz 

HESLOP,  W.  R. 

13  lbs  2  oz 

18  lbs  14  oz 

SINGLETON,  W.  G. 

12  lbs  3  oz 

WEISBROD,  H. 

15  lbs  5  oz 

18  lbs  14  oz 

ANDERSON,  L,  R. 

13  lbs  14  oz 

18  lbs  14  oz 

BARBARY,  H.  J. 

13  lbs  2  oz 

18  lbs  14  oz 

KRASIC,  F. 

12  lbs  8  oz 

18  lbs  14  oz 

FERGUSON,  C.  P. 

15  lbs 

18  lbs  14  oz 

PAROLA.  M.  P, 

9  lbs  14  oz 

18  lbs  14  oz 

CARR.  0.  L. 

12  lbs  8  oz 

18  lbs  14  oz 

mmm 


6  lbs  15  oz 


5  lbs  12  oz 


6  lbs  11  oz 


3  lbs  9  oz 


5  lbs 


5  lbs  12  oz 


6  lbs  6  oz 


3  lbs  14  oz 


9  lbs 


6  lbs  6  oz 
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SWIM  SUIT  (RUBBER)  -  WORKING  CLOTHES  AND  ONE  SET  OF  DIVERS  UNDERWEAR  - 
SUBJECT  WITH  LUNGS  FILLED. 


WEIGHT 

_ BELT _ 

wmammitam 

PRICKETT.  C.  M. 

4  lbs  11  02 

14  lbs  3  02 

HESLOP.  W.  R. 

_ 4  lbs  1  oz _ 

BWflSHP! 

14  lbs  13  oz 

SINGLETON.  W. 

BHHHW 

10  lbs  2  02 

WEISBROD.  H. 

_ a  ibs _ 

1  1 

10  lbs  14  02 

ANDERSON.  L.  R. 

18  lbs  14  oz 

12  lbs  10  02 

BARBARY.  H.  J. 

m 

18  lbs  14  02 

13  lbs  1  oz 

• 

KRASIC,  F. 

7  lbs  2  oz 

18  lbs  14  oz 

11  lbs  12  oz 

FERGUSON,  C.  P. 

8  lbs  12  oz 

18  lbs  14  oz 

10  lbs  2  oz 

PAROLA,  M.  P. 

3  lbs  8  oz 

18  lbs  14  oz 

15  lbs  6  oz 

CARR.  D.  L. 

4  lbs  10  oz 

18  lbs  14  oz 

14  lbs  4  oz 

AVERAGE  12  lbs  -  12  oz 


t  > 
i 


in 


